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AERONAUTICS

FLIGHT INVESTIGATIONS AT LOW SUPERSONIC SPEEDS TO ~

THE EE’FECTIVT!XEWOF CONES AND A WEDGE IN REDUCING

Flight
.fromo.g to
8@ a wedge
At M = 1.4

THE DRAG OF ROUND-NOSE BODIES AND AIRFOILS

By Sidney R. Alexmder

EKMMARY

investigations cover- an approximate Mach nuder rsnge
1.k have Wen conducted to determine the effect of cones
in reducin~ the drw of round-nose lmdies and airfoils.
a 3-inch-long cone of 16° semivertex angle momted. about

8 inches ahead ~f a 5-inc~-diameter round-nose body ;educed the drag
.—

coefficient of that body ly about O .17 (21 percent) as ccxnparedto a
.-

reduction of a%out O .21 (25 percent) obtatied with a model having a
ptnted solid nose of effectively equal fineness ratio. The presence
of a small leading-edge wedge mounted ahead
airfoil did not appreciably affect the drag

of an unswept, round-nose
of the basic airfoil. —

INTRODUCTION

P&sical considerations indicate that if a mall cone, herein
someti?&s termed a “conical windshield,” is placed ahead o? a blunt-
nose body traveling at supersonic speeds, the low-velocity wske
behind the windshield will expend and thus cause the external flow
to follow the contour formed by the extension of the surface of the
conical windshield. Thus, a mall cone mq produce substantially
the same effect as a hug pointed nose but have the advantages of
tiproved visibility end reduced structural weight.

The effsct of the length of a Windshield having a cone semi-
vertex angle of ll” 101 in reducing the drag of a basic round-nose
body has been presented in reference 1. The effect of increasing the
semivertex angle of a s-inch windshield to 16° is given in the
present paper. These results are cmnpared with those of reference 1.
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This method, as applied to bodies, was considered pYomising enough
to warrant en exploratory application to airfo~ls. A ~-pement-chord
wedge having a semivertex sngle,of 50 22’. was.~laced 20 Qercent of the
airfoil chord ahead of the wing of the test body of reference 2+ This
body incorporated an untapered, unswept NACA 6~-oo9 airf~il of aspect
ratio A = 2.7. The sides of the wedge, if extended, would beccmze
temgent to the airfoil surface. It was realized that for the anticipate%
flight Mach nunber range the shock wave would rieverbecome attached and
the considerations previ.ouslymentlcmed would not strictly apply. This
configuration was tested and the result~ ccnnp=.edwith those of
reference 2.

The investigation was cmducted by the Langley Pilotless Aircraft
Reseach Division at its testing station at WalJops Island, Va. Data
have been oltatied through en a~oximate Mach nmber range of 0.9 to
1.4. The corresponding Reynolds nwnber range based on over-all body

~length IS frcm 30 x M to 40X 106.

MODELS AND TESTS ~

The basic model construction and configuration have .beenadequately
descri%ed in references 1 and 2. The general arrangarmnt of the test
body incorporating the wtidshield is showq as figxre 1. .Detalls of.the
conicsl windshield are shown as figure 2. The whged test body with the
leading-edge wedge is presented as figure 3.. A,discussicm of the ..
general testing technique and the accuracy of the
given in reference 1.

RESULTS AND DISC!TJEEZON

resultant data is

---,...

,.

...

,,

The test results obtained for two similar ~dshield models are
presented in figure k as plots of drag coefficient, based-m body
frontal area exclusive of fins, against Mach n~ber. A ccmqerison is
made in figure 5 between these results and the results of.~evious
drag tests of body-windshield cmn’’fnationspresented in references 1
and 3. Examination of this figure reveals that.for the highest compa-
rable Mach number reached”during the tests, M =1.4, the s-inch-long
windshield of the present tests (semlvertex angle of 160) reduced the drag
coefficient.of the basic round-nose body by about 0.17 (21 percent)
as compared to a reduction of about 0.12 (14.5 percent) for the
3-inch-long windshield havtig a semivertex an@~ of 110 191 end about .._,,
0.21 (25 percent) olrtainedwfth the standard bcdy shown in figure 6.
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This general condition exists over most of the
gated. Tt is thereby clearly indicated that a

3

Mach number renge investi-
conical windshield of

relatively small dimensions can effectively increase the fineness ratio
of a round-nose body at low supersonic speeds to the extent of produoing
substantially the sae effect as a lcmg pointed nose with the added
advantages of im~oved visibility end reduced structural weight.

The test results obtained from firings of four similar models
incorporating the leading-edge wedge are presented in figure 7. The
values of drag coefficient are based on the e~sed area of the basic
airfoil (1.389 sq ft).. The average scatter frcm the faired curve is
within the general accuracy of the testing technique. By subt=ct~
from the totel drag of the~odel~ the dreg of the wingless arr@gemerit
shown in figure 6, the &ag of the ~ alone (plus interfer~e) is
obtained. ~is result is presented in coefficient form b figure 8 azid
is compared with the dra~ of the basic airfoil of reference 2. Exeni-
natim of the figure reveals that in the range of comparable Mach
numbers (M = l.0~ to 1.225) the presence of the wedge caused no appreci-
able difference in the drag of the basic airfoil, the difference in drag
coefficient
be red.ized
one end the

generally being within the accuracy of the tests. It should
that the tested arrangement may %s by no means an optimum
results should be considered of prelhinary nature.t

.

CONCLUDING INM.AKB

.

At M= 1.4, hcreaslng ye semivertex angle of a 3-inch-kng conical
windshield from ll” lo’ to 16 reduced the drag of a basic round-nose
body from 14.5 percent to 21 percent. This condition existed over the
general Mmh num%er range investigated. It is clearly indicated from
results of tests conducted at low supersonic speeds that a smhll cone
placed ahead of a rormd-nose body can effectively reduce the drag of the
basic body. The presence of a smell wedge placed ahead of a round-nose
airfoil did not appreciably affect the drag of the basic airfotl In,the
investigated Mach num%er range of 1.05 to 1.225.

Langley Aeronautical Laboratory
National ldvisory Ccmmittee for Aeronautics

Lsngley Air Force Base, Va.
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Figure l.- Generd view of
test bo@ with 3-inch-lo~

of 16°

conical windshield
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Figm-e 2.- General dbmsiona of conical. windshield investigated.
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Figure 3.– General view of test body with leading+dge wedge.
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Ilgure 4.- Baaic data for h motilE iguration: Test body tith >inch-hxlg
whW3hield
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Figure 5.- Comparison of the effeotivenesa of
&rag of a roun&no8e
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several sizes of conical windshields In reducing the
.

Meld length.
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JHgure 7. Basic data for fom @la of me sfmla cmflguration: Wing with I.eadjng-.edge wedge.
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Figure 8.- Wing drag coefficients; leading+dge wedge on and off.
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